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S U M M A R Y  

The comet is considered as a source in supersonic flow. The prob- 
lem is stated about supersonic compressible gas stationary flow past a sub- 
sonic source. It is shown that at infhity the interface between the source's 
and the flow's media approaches the cylinder. 
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izes the ionization region. 
of the radius r- are  determined from the asymptotic values of thermody- 
namic parameters. 

The parameters in the neighborhood of the sphere 

In the work rf 113, available as ST - COMA - PF - 10466 of 28 March 
the comet is considered as a source placed in supersonic stationary 

The contour of plasma head is found under the following assumptions: 
1966, 
flow. 
the pressure on the interface between the source's and the flow's media is 
given by the Newton formula; the medium is assumed incompressible and 
the problem resolved is a plane one. 

Below we shall state the problem of supersonic stationary flow of a 
past a subsonic source and consider some of the preli- compressible gas 

minary results. 

The compressible gas flow's source cannot be extended inside a 
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sphere of some radius rdn 12) 
zone, 
place. 
of radius rmin and does not disrupt the spherical symmetry of the flow in its 
vicinity. Then, as will be shown below, we shall be able to find rmi 
thermodynamic parameters and the radial velocity on the surface of t e sphere. 
By the strength of the above assumptions, the other velocity components a re  
zero. 

that is, the minimum radius of the "source's 
or region where processes leading to the emergence of the source take 
We shall consider that the streamline flow does not distort the sphere 

?I the 

If the source, placed in the flow, has sufficient power, there will 
exist two surfaces, the shock wave ( a ) and the interface between the two 
media ( fi ), dividing the entire field flow into three regions (Fig. 1): 1 is 
the unperturbed flow, 2 is the flow after passage of the shock wave (outer 
flow), 3 is the gas of the source (inner flow). 

As pointed out in [I], the 
problem of flow past the source 
is in many traits analogous with 
the problem of flow past a blunt 
body; this is why we may utilize 
for its solution the method deve- 
loped by Belotserkovskiy [3]. 
However, some of the properties 
of the surface l3 and of the flow 
in the region 3 may be ascertained 
witnour resoiving GK w h k  PiGk- 
lem. The flow in the region 2 will 
be completely analogous to the flow Fig. 1 
behind an outgone shock wave set- 
ting in a t  flow past a blunt body. 

1 

It follows f rom the spherical symmetry of the flow in the neighbor- 
hood of the sphere r f in  that in the region 3 the flow is potential and the en- 
tropy function cp [3) is constant in the entire region. 

Let us introduce the dimensionless variables, referring the velmity 
to the velocity maximum vmax, the density and the pressure respectively to 
the values po and fov max , PO, that is, the density a t  the point v =  0. The 
Bernoulli equation in dimensionless form will be written [3]: 

2 

where p, V and 7 are  respectively the dimensionless pressure, velocity and 
density. we may ex- 
press the pressure as a function of?  and ?. 

From this equation and the entropy function 9 = jj/f 
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But in the inner flow 
F=const. 

CP = const and it follows from (1) that at V = const, 

Tables have been compiled in the Computing Center of the USSR 
Academy of Sciences for the supersonic flow of a perfect gas past blunt 
cones at  zero angle of attack [4 ] .  It may be seen from these tables that 
the pressure on a streamlined cone approaches a constant value as its 
summit drifts away; this value depends only on the parameters of the in- 
cident flow and on the conels aperture angle. 
angle is zero) the pressure at  infinity does not depend on the diameter of 
the cylinder and on the shape of the bluntness. Comparing these data with 
formula (l), we see that surface may asymptotically approach the cylin- 
der, but not the cone, for  in the latter case the pressure in the inner flow 
must vary continually. 

For a cylinder (aperture 

For a c linder the asymptotic value of dimensionless pressure, re- 3 ferred to  f f c *  (pf being the density of the unperturbed flow, c* the criti- 
cal speed of sound). is equal to 0.096 for a Mach number M = 6 and 0.033 
for M = 10 141. 
(nf= 5 cm-dI, the pressure is i6-A- ciyneicm-, the magneiic iieici Ii is 
5 gauss. 
M =  10. A t  such parameters, the asymptotic value of pressure on theflow 
about cylinder is 2.5 10-10 dyne/cm2 for  M =  6 and 2 .3  dyne/cm 
for M = 10. As was to be expected, the pressure is little dependent on the 
Mach number. 

For  the solar wind, pf is equal to about 0.8 g/cm3 
-I i n  3 

At v f = 3  10 7 cm/sec M = 6  and at v f = 5  10 7 cm/sec, 

? 

Now the problem of hypersonic flow past a subsonic source can be 

Moreover, 
formulated. 
gas consumption in the source Q and the entropy function 9 .  
f rom the incident flow parameters, we determine the quantities PO, that 
is, the pressure a t  the stopping point (the point A in Fig. 1) and poo -the 
asymptotic value of pressure. Utilizing these quantities, we may find the 
thermodynamic parameters and the radial velocity in the neighborhood of 
the sphere ra, and also the asymptotic values of velocity, density and the 
cylinder's diameter Knowing 
the indicated quantities is sufficient to resolve the problem of supersonic 
flow past the source utilizing the method of the work [3]. But, contrary 
to [3], we shall have two surfaces sought for ( a and p ), which should lead 
to substantial complication of the solution. This is why it is appropriate 
to subdivide the problem into two parts and consider the inner flow region 
separately, which will be done subsequently. 

We must know .the radius ra of the "source's zone," the total 

1 ,  which is approached by the surface /3 . 
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The above formulation of the problem refers to flow past a source with 
known parameters. 
are  unknown, but we may consider as given the quantities PO, that is, the 
density at  the point A and 

In case the source is a comet, the quantities cp and 

1. 

The quantities pW and UCO will be found by utilizing the values 
Po and PO, the latter being exactly equal to the kinetic pressure of the 

incident flow. The quantity Urn Will be found from Eq. (1) 

where 

For the values j jm  = 0.25-10-9 ( M  = 6 )  and Po = pruf = 0.72*10-s (ut = 3-1V cIn/sec, 
n f=  5 cmo3) we shall obtain p.. = 0.037 (y - 1) /2y. At 
POD = 0.005. 
we shall have: urn = 0.78 and *i7- = 0.90 for  the respective values y = 1.4 
and Y = 2. = 0.091 
at y = 1.4 and pm = 0.190 at  y = 2. 

= 2 p- = 0.009, at y = 1.4 
When substituting these values into the formula for V,, , - 

From the equality p- / &,’ = (y - 1) / 2  y we shall find: - 

For the determination of the minimum radius of the source and the 
flow parameters in the neighborhood of the sphere r d n ,  we shall seek the 
flow parameters in the neighborhood of a certain sphere of radius ra, thus 

which we shall write in the form 
.T IT-  t---- L t , , ,  -..- l7- finding the condiiiou ;or wLi& ra - i-. -- -y.....”-v--. {l!# 

1 - i 

the equation of entropy conservation 

and the equation of flow conserVation 

- 
where F,“ = r,2/12 

sure on the sphere ra 
obtain an equality, linking Fa and U, 

(pa, Fa, p a  are  respectively the density, velocity and pres- 
Excluding Pa and P a  from these equations, we shall 

The left-hand part of Eq. (2) describes the curve y = y(Ga), which 
for positive va has one maximum at Za2 = (Y - 1 ) n y  +I). This is the critical 
value of the velocity and, consequently, the value ra corresponding to it 
equals the minimum radius of the source [2] . This may still be seenfrom 
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the fact that for smaller ra Eq. (2) has one root and for greater ra, it has 
two roots corresponding to subsonic and supersonic sources. 

If the source is supersonic, there must exist at  least still one more 
shook wave enveloping the surface $ from within. We consider only a sub- 
sonic source of the type apparently analogous to comet nucleus in stationary 
conditions . 

Substituting in (2) the value Cq2 = (y - 1) (V -l- I), we find the mini- 
mum radius 'r- = 0.13L f o r  Y 1.4 and r- = 0. 17t for  y = 2. The 
corresponding values of density and pressure will be (substituting the index - m f o r  the index&): pm=O.64.~0 a n d p m = 0 . 5 4 ~ 0  for Y ~ 1 . 4 ;  pm=O.67po 
and pm= 0 .45~0  for y = 2. 

Al l  the above said refers to the ionized part of the cometary atmo- 
sphere and it is possible to conclude that r-n characterizes the minimum 
dimension of the region where ionization takes place. 

The quantity po is determined with a sufficient degree of precision 

Utilizing the above indicated para- 
by solar wind pressure and its is not dependent on the comet's "individuality. 
Starting from this we may estimate PO. 
meters of the solar wind we shall obtain for the number of cometary ionsper 
unit of volume at  the point A: 

1 
To 

<lo5 ,  we shall then obtain the lower limit of no, which is no 7 0.5 10 . 

n - 0.5-108-, 

where To is the temperature of ions. 
TO 
If lower vzlues of no are observed, it means either that not all the ions are  
visible [SI , or that the shock wave is not forming. 

To should be limited from above: 
3 

According to the above, the direction of the axis of the type - I tail 
must coincide with the cometocentric direction of the solar wind velocity. 
Thus, the deflection of the tail's axis from the radius vector toward the 
side opposite to comet motion is explained by wind aberration [7]. 

The existing opinion that the direction of the type-I tail is condi- 
tioned by interaction of the tail's plasma with that of the solar wind meets 
with objections from a number of authors. Thus, in the paper [ 8 ] ,  the au- 
thors, considering a series of photographs of the Morhaus (1908 111) comet, 
reach the conclusion that: 1) near the nucleus, the direction of the axis of 
the tail has already been fixed by ion escape, 2)  the surroundings of the nu- 
cleus a re  better protected from the influence of alien ions and 3) the corol- 
lary of the first two lead to the conclusion by the authors that solar wind 
cannot determine the direction of the axis of the tail. 

The first stand is well argumented by the authors, and it is difficult 
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not to subscribe to it. 
l'influence" is understood as the "presence. '' 

The second assertion is also correct provided the 

One may reach the third conclusion by not considering the comet 
and solar wind plasmas as a continuum and by regarding their interaction 
as some sor t  of friction between the cometary ions and electrons with the 
electrons and ions of the solar wind. But, as already pointed out above, 
the magnetic field determines the l'continuity'l of comet and solar wind 
media, and it is then clear that the ions must escape from the center of 
the head as  if they were "aware" of their trajectory. 

The authors express their gratitude to S, A. Kaplan for his gui- 
dance in the work and to 0. A. Belotserkovskiy for useful consultations. 
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